A rocket propulsion system, whether it is a chemical rocket or a nuclear thermal rocket, is fairly complex in detail but rather simple in principle. Among all the interacting parts, three components stand out: they are pumps and turbines (turbopumps), and the thrust chamber. To obtain an understanding of the overall rocket propulsion system characteristics, one starts from analyzing the interactions among these three components. It is therefore of utmost importance to be able to satisfactorily characterize the turbopump, level by level, at all phases of a vehicle design cycle. Here at NASA Glenn Research Center, as the starting phase of a rocket engine design, specifically a Nuclear Thermal Rocket Engine design, we adopted the approach of using a high level system cycle analysis code (NESS) to obtain an initial analysis of the operational characteristics of a turbopump required in the propulsion system. A set of turbopump design codes (PumpDes and TurbDes) were then executed to obtain sizing and performance characteristics of the turbopump that were consistent with the mission requirements. A set of turbopump analyses codes (PUMPA and TURBA) were applied to obtain the full performance map for each of the turbopump components; a two dimensional layout of the turbopump based on these mean line analyses was also generated. Adequacy of the turbopump conceptual design will later be determined by further analyses and evaluation. In this paper, descriptions and discussions of the aforementioned approach are provided and future outlooks are discussed.
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NESS (Nuclear Engine System Simulation) Code Features and Capabilities
• Developed by NASA/LeRC, SAIC, and Westinghouse in early 1990's to support ongoing and future studies of NERVA-based NTR engine system and stage design efforts • NESS is based on the Expanded Liquid Engine Simulation (ELES) program modified to include solid-core reactor design models
• Westinghouse (responsible for the reactor subsystem during the NERVA program) provided reactor design models for a near-term NERVA-derived system (ENABLER I) and an upgraded version of this engine (ENABLER II)
• NESS can model expander, gas generator and bleed cycles, along with multi-redundant propellant pump feed systems
• Turbomachinery design options include multistage axial and traditional centrifugal pumps
• NESS is used for rapid, preliminary detailed design analysis of both the reactor and key engine subsystems. 
